Participants: Patients admitted to the Division of Endocrine Surgery of the Università Cattolica del Sacro Cuore, Rome, Italy, between March 1999 and December 2000 who were candidates for thyroid lobectomy because of a single, small (Յ3 cm) thyroid nodule were considered eligible. Of the 62 patients who were randomized, 31 underwent conventional thyroid lobectomy (COS group), and 31 underwent video-assisted surgery without carbon dioxide neck insufflation (VAS group), a new technique created by the authors.
Results:
The cosmetic outcome was evaluated by scoring patients' satisfaction with their scars. Satisfaction was higher in the VAS group (mean±SD, 9.2±0.5) than the COS group (mean±SD, 5.8±0.7) (PϽ.001). Postoperative pain in the first and second days after surgery was lower in the VAS group (mean±SD, 1.8±0.2 and 1.2±0.1, respectively) than in the COS group (mean ± SD, 6.2±0.2 and 5.8±0.2, respectively) (PϽ.001). There were no significant differences in complications (eg, bleeding, wound infection, permanent recurrent nerve palsy). Postoperative hospital stay was lower in the VAS group (mean±SD, 1.1±0.1 days) than in the COS group (mean±SD, 2.2±0.2 days) (PϽ.05).
Conclusion:
Video-assisted thyroid lobectomy is a valid alternative to conventional surgery in patients with single, small nodular thyroid lesions.
Arch Surg. 2002; 137:301-304 N ECK SURGERY is one of the newest and most interesting applications of minimally invasive surgery. However, reports on the use of this technique in thyroid surgery are scarce, particularly with regard to eliminating the unattractive scars sometimes caused by conventional surgery. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Different techniques for videoassisted neck surgery, all requiring carbon dioxide (CO 2 ) neck insufflation, have been described. [1] [2] [3] [4] [5] [6] However, CO 2 neck insufflation may cause hypercapnia, respiratory acidosis, and subcutaneous emphysema. [7] [8] [9] To avoid these complications, Hü scher et al 4 used a wall lifter to perform thyroid lobectomy with lower pressure levels of CO 2 insufflation. In 1999, we described an original technique for minimally invasive, totally gasless video-assisted thyroid lobectomy performed on a patient with a follicular nodule on the left lobe of the thyroid. 11 The aim of the present study is to compare conventional and video-assisted gasless thyroid surgery in terms of cosmetic results, intraoperative and postoperative complications, postoperative pain, and hospital stay.
RESULTS
Of the 62 patients randomized, 31 were in the COS group, and 31 were in the VAS group. In the VAS group, a conversion to conventional surgery was required in 4 cases (13%) because the recurrent nerve could not be identified (Figure 3) . Conversion was performed in 1 (4.7%) of 21 patients in whom the thyroid nodule was 2 cm in diameter or less and in 3 (30%) of 10 patients in whom the thyroid nodule was bigger than 2 cm in diameter. In all cases the lobe was easily removed through the 2-cm incision, even when the nodule was 3 cm in diameter. The cutaneous incision was never enlarged, and no lobes or nodules were fractured either by accident or on purpose to aid removal.
The mean ± SD age of the patients was 52.1 ± 1.8 years in the COS group and 51.8±1.6 in the VAS group. There were 7 men and 24 women in the COS group and 4 men and 27 women in the VAS group. Surgical findings were similar in the 2 treatment groups ( Table 1) .
The mean operating time was 62 ± 4 minutes in the COS group and 81 ± 3 minutes in the VAS group (PϽ.001). In the last 20 patients in the VAS group the operative time decreased (68 ± 3 minutes) and approached that of the COS group. The mean amount of bleeding was 32 ± 5 mL in the VAS group and 34±5 mL in the COS group (P = .18).
In 9 patients in the COS group and 10 patients in the VAS group, histologic tests revealed the presence of cancer. Among these patients, after a mean follow-up of 23.1 months and 22.8 months, respectively, no local or distant recurrences were found. In all these patients, serum thyroglobulin and circulating levels of thyroglobulin messenger RNA were not detected. At 12 weeks after thyroid lobectomy, 87% of patients in the VAS group and only 45% of patients in the COS group thought the outcome of their operation was excellent ( Table 2) . Moreover, patients who underwent VAS were more satisfied
PARTICIPANTS AND METHODS

STUDY POPULATION AND INCLUSION CRITERIA
All participants were admitted to the Division of Endocrine Surgery of the Università Cattolica del Sacro Cuore, Rome, Italy, between March 1999 and December 2000. Candidates for thyroid lobectomy with evidence of a single, small (Յ3 cm) thyroid nodule at neck ultrasonography and without evidence of cancer at fine-needle aspiration biopsy were eligible to participate in the study. Patients with previous neck irradiation, thyroid operation, or any other anterior cervical operation were excluded from the study. Patient eligibility was evaluated by one of us (R.B.). The study protocol was approved by the ethical committee of the Università Cattolica del Sacro Cuore.
After written consent was obtained, patients were randomly assigned to undergo thyroid resection by conventional surgery (COS) or video-assisted surgery (VAS). A randomization schedule balanced every 12 patients was generated by computer. Treatment assignments were made by a surgeon (M. Bossola) on the ward before the operation. All surgical interventions were performed by one surgeon (R.B.), who was always assisted by the same surgeon (C.P.L.).
SURGICAL TECHNIQUE
The general rules for performing the conventional thyroid lobectomies were as follows. Briefly, the thyroid was approached via a low transverse collar incision. After elevation of the platysma flat, superiorly and inferiorly, the strap muscles were divided in the midline and elevated sharply from the underlying thyroid gland. The dissection of the thyroid began with early identification of the recurrent laryngeal nerve near the inferior pole of the thyroid lobe. Following identification of the nerve, attention was directed toward visualization of the inferior and superior parathyroid glands. Once they were identified, efforts were made to preserve the blood supply to these glands. In turn, the inferior thyroid artery was elevated from the pretracheal fascia, the superior pole vessels were ligated, and the thyroid was elevated from the pretracheal fascia. The dissection was carried across the midline and completed by mobilizing the isthmus and pyramidal lobe of the thyroid.
With regard to video-assisted thyroid lobectomy, the patient, under general anesthesia, was placed in a supine position with his or her neck in slight extension. A 15-to 20-mm horizontal skin incision was made 1 cm above the sternal notch (Figure 1) . After dissection below the platysma, the strap muscles were identified and divided vertically in the midline, along the cervical linea alba. The strap muscles were pulled back with 3 small conventional retractors to expose the inferior part of the lobe (Figure 2) .
After the insertion of a 3-to 5-mm 30°laparoscope through the skin incision, the lobe was completely dissected from the strap muscles with 2-mm-diameter laparoscopic instruments and other instruments regularly used in otolaryngologic and vascular surgery (Figure 2) .
After a complete dissection was obtained with a grasper, which allowed a downward retraction of the gland, the upper pole of the thyroid was exposed. The superior vessels were clipped with a regular 3-mm clip applier and divided with 2-mm endoscopic scissors. Then, the lobe was gently lifted and the inferior laryngeal nerve, as well as both inferior and superior parathyroid glands, was completely exposed. The magnification of the laparoscope allowed a very easy identification of the nerve and parathyroid glands. The inferior thyroid vessels were clipped and cut, and the lobe and the isthmus were resected with endoscopic ultrasound scissors (Ultracision; Ethicon Endosurgery, Cincinnati, Ohio). No drainages were left inside. The platysma and the skin were closed with 4-0 sutures. A subcuticular suture was performed, as in the COS group. No antibiotics were given before, during, or after surgery.
PRIMARY AND SECONDARY OUTCOME MEASURES
The main outcome measures of the study were cosmetic result and postoperative pain. Additional outcome measures were operating time, the incidence of intraoperative and postoperative complications (eg, intraoperative bleeding, postoperative bleeding, wound infection, and temporary or permanent recurrent nerve palsy), and duration of hospital stay.
Subjective pain appraisal was carried out by each patient with a 10-point visual analog scale on the first and second day after operation. 11, 12 Slight pain was defined as a score of 0 to 3, moderate pain was 4 to 6, and severe pain was 7 to 10. The total amount of analgesia required and the hospital stay were registered.
Patients were seen in the clinic 12 and 24 weeks postoperatively and were asked to rate their satisfaction with the operation on a 10-point scale. They were also asked to evaluate the cosmetic outcome of the operation by rating their satisfaction with their scars on a 10-point scale (excellent or very satisfied, 7-10; good or moderately satisfied, 4-6; fair or barely satisfied, 0-3).
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STATISTICAL ANALYSIS
Statistical comparisons between groups were made with a t test for uncorrelated means and within groups with the pairwise t test for correlated means. with the appearance of their scars (PϽ.05) ( Table 2) . Patients' satisfaction with their scars was higher in the VAS group (mean ± SD, 9.2 ± 0.5) than in the COS group (mean ± SD, 5.8 ± 0.7) (PϽ.001).
In the first and second days after surgery, postoperative pain was lower in the VAS group (mean ± SD, 1.8±0.2 and 1.2 ± 0.1, respectively) than in the COS group (mean ± SD, 6.2±0.2 and 5.8±0.2, respectively) (PϽ.001). Similarly, the need for postoperative analgesia, expressed as the number of 100-mg doses of ketoprofen administered postoperatively, was lower in the VAS group (mean ± SD, 2.1±0.2) than in the COS group (mean ± SD, 5.3±0.3) (PϽ.001). As expected, no patients in the COS group or the VAS group needed postoperative calcium or vitamin D substitution. Other complications (eg, postoperative bleeding, wound infection, permanent recurrent nerve palsy) were absent in both groups. The mean ± SD postoperative hospital stay was 1.1±0.1 days in the COS group and 2.2±0.2 days in the VAS group (PϽ.05). A, After division of the cervical linea alba, 3 small conventional retractors (R1, R2, and R3) were used to retract the skin and the strap muscles to expose the thyroid gland (T). B, One retractor (R) was also used as a "wall lifter" to allow the insertion of a 5-mm 30°laparoscope (L) and 2-mm-diameter laparoscopic and conventional instruments (I) through the skin incision. and improved cosmesis. Finally, the technique should be reproducible. In the present prospective randomized controlled study, we determined whether video-assisted thyroid lobectomy met all these conditions. Overall, patients who underwent video-assisted thyroid lobectomy were highly satisfied with the surgical procedure. Moreover, the cosmetic outcome, evaluated by measuring patients' satisfaction with their operation scars, was significantly higher in the VAS group than the COS group, and more patients in the VAS group (100%) than the COS group (83%) were very or moderately satisfied with their scars 24 weeks after surgery.
Postoperative pain was much less frequent and much less intense in the VAS group than in the COS group, as demonstrated by the lower need for postoperative analgesia and by the lower score given by the patients on the visual analog scale. Possibly, the decrease of postoperative pain in the VAS group is due to the smaller size of the scars and the light extension of patients' necks during surgery.
The video-assisted procedures were extremely safe. The mean ± SD blood loss during surgery was 32±5 mL in the VAS group and 34 ± 5 mL in the COS group. Furthermore, postoperative complications (eg, recurrent nerve palsy and wound infection) were absent in both groups. Finally, postoperative hospital stay was significantly shorter in the VAS group than in the COS group.
It must be emphasized that video-assisted thyroid surgery requires fine technique to prevent injuries to the laryngeal nerve and parathyroid glands. Therefore, it is important to create a comfortable working space and avoid blood loss so that a clear operating field can be achieved and maintained. The totally gasless video-assisted approach to thyroid surgery employed in the present study was easily performed and warranted a good position of the neck structures.
With regard to control of the underlying disease, no recurrence of the thyroid disease occurred in either group after a mean follow-up of 18.8 months and 19.2 months, respectively. In patients with cancer, no local or distant recurrences were observed after a mean follow-up of 23.1 months and 22.8 months, respectively. All patients with neoplasms had undetectable serum levels of thyroglobulin.
The time required for video-assisted thyroid lobectomy (mean±SD, 81±3 minutes) was significantly longer than that for conventional surgery (mean ± SD, 62 ± 4 minutes). In addition, the time required was longer in the first 11 patients (mean±SD, 90±8 minutes) than in the last 20 (mean±SD, 67±2 minutes). A plot of operative time vs number of operations performed showed a progressive decrease in the duration of the videoassisted procedure (data not shown). The reduction was more evident between the first and 15th procedures, whereas the duration was quite constant between the 16th and 31st procedures.
Finally, reproducibility of the video-assisted technique through a uniform approach is an important factor for universal acceptance. In 4 (12.9%) of 31 patients in the VAS group a conversion to conventional surgery was needed because the recurrent nerve could not be identified. However, we believe that such a percentage can be considered acceptable and will decrease in the future.
Our study shows that video-assisted thyroid lobectomy is a safe procedure that leads to a better cosmetic outcome, produces less and lower postoperative pain, and reduces hospital stay compared with conventional surgery. Thus, video-assisted thyroid lobectomy could be a valid alternative to conventional surgery in patients with small, solitary nodular thyroid lesions. 
